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FREE FLOWINTG GLASS BATCH 



The present inveation relates to a method of producing mixed, wet glass bateh that 
lOTiains free flowing when subjected to a range of temperatures, especially those below 
35°C and those above lOO^C. 

Throughout the glass industiy there exists a problem when a descision has to be 
made as to the type of batqli that is to be fed into a fumac© ftdr producing molten glass- 
The ultimate requirement in float glass manufacture is a high quality end glass product, 
although issues such as mijitniisation of production costs, pollutant emissions and heat 
loss &om tiie glass forruing process must also be carefully considered. Factors that are 
likely to influence both the physical and chemical homogeneity and uniformity of the 
batch, and which therefore affect the quality of the final float glass product, include the 
degree to. which batch materials are mixed as they enter the furnace and fhe physical 
ccmdition of the batch materials (for example, whefher the batch is w;et or dry). The most 
common defects that occur in float glass, which are on the whole attributable to the 
consistency of the batcli, are those of ream, bubble and inclusions. 

Ream is a visible imperfection in the ^ass that manifests as streaks and changes in 
the refractive index. Problems wifli team may be limited to a small area of the gjass or 
may extend over a large area of a float glass sheet Bubble is less of a problem than ceani» 
but a problem noneOieless, and consists of blisters in the ^ass, which are effectiyely 
gaseous inclusions that have bew trapped in the molten glass batch. The appearance of 
bubble is conmion when a hsich. mbsturd does not have the required homogeneity. An 
inclusion is the occurrence of an unmalted batch particle in the final glass product. All 
three are hig^y undesirable features that lead to jglass being rejected due to its poor 
quality. 

A glass batch coxnprises a mixture of different raw materials, which axe of various 
sizes, ranging from less flian 60 ixm to greater than I mm in diameter. The batch is 
usually wet to begin with (as fiic sand which is used in making the batch is usually wet), 
atftiough. in countries yvi&L a colder climate, the batch often has to be dried to prevent it 
freezing during transportation or 5toxa^. With a dry glass batch, it is clear that this 
difference in batch particle size can lead to problems when the batch is transported from 
where it is mixed to a furnace: segregation of the batch is likely to occur and thus the pie- 
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cnreor ccmditionB for occinmice of ream, bubble and inclusipns in the jBnal glass pradnct 
are likely to tave been mtrodoced. lo. addition, finer batch particles often conteibute to 
dusting problems ia the batcb systems and cany-over problems in the fbmace. 

The problem of batch segregation may be minimised if the original batch remains 
wet (raflier than being subjected to a drying process). Maintaining the batch in a wet 
condition nmmnises dusting and reduces ibmace caity-over problems because the batch 
paittcles ^ bound together. Fmtliennore, a wet glass batch exhibfts in^ved melting 
chaiact^stics of the batch ingredients, compared to a diy batch, th^eby assisting to 
eliminate the occuirence of the type of glass imperfections diat were discussed eariier. 
The use of wet batch to reduce dusting and enhance melting is described in US Patent 3 
294 555 to S M Krinov. Krinov teaches die use of water additions iii the range of 1% to 
3% to reduce dnsting and improve the uniformity of the glass batch, and use.of hi^ 
l»pportions of water, in particular 5% to 20%. to additionally enhance the melting 
characteristics of the batch, increasing the melting rate. Tbe increased melting rate is said 
to contribute to reduction of blister (bubble) in the melted glass. 

The advantages of wetting glass batch are, unfortunately, accompanied by serious 
disadvantages. Thus, as explained by Krinov, the use of water (especiaUy in the high 
proportions taught to enh^e melting) renders the batch -susceptible to harfening or 
setting such that pneumatic hammers 'and other types of tramnalie equipment' are 
required to break up the batch fcr use. Krinov teaches overcoming the tendency of the 
moist batch to harden or set by mi^png the moist batch cold; Hie solid component* of the 
batch are cooled before mixing, preferably to a temperature in the range 10-F to 30«T the 
water used to wet the batch is cooled by t^ftigeration, pr^ferribly to 35« to 40-F, andihe 
wet batch is cooled during mbdng to maintain the teu^etature below 70T despite the 
^othermic reactions which occur on the addition of water. Krinov suggests th«t; by 
carrymg out the mixing at low temperature, die reaction of the wat=r with soda ash 
present in the batch to fom hi^er hydiates (the heptahydraie and decahydrate) takes 
place during the mixing operation. If fomied afler mixm& the hydial«s would tend to 
bind the sand and other glass componenla setting the bateh. Cooling during mixing 
apparently results in the hydrate crystals being formed, and broken hp, during the mixing 
operation, and th«« is no tendency for the broken crystals to re-orient and set the batch 
after mixing. 
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The Krinov process requires special cooling procedures and is believed not to 
hsve been Widely used. An alternative, and more widely used, approach to providing 
high free moisture batch while avoiding setting or haxdeni7?g of the batch is described by 
Lehman and Manting in 'Glass Batch Wetliag v^dih Water' (Thte Gk5$ Industry, 
December 1977, pages 16-34). According to Lehman and Maniing, the temperature of 
the wet batch is msdntained above 35.4°C (the dehydration point of sodium carbonate 
heptahydrate) to avoid the formation of both the heptahydiate and the decahydrate and 
minimise the loss of water tak^ up as water of hydration. However, this technique 
which is now in cornmon use, requires moist batch to be stored at a temperature of over 
35°C, preferably over 40°C, in order to avoid formation of a higher hydrate and setting of 
the batch. Moreover, a serious disadvantage of this moist batch is that^ if attempts are 
made to preheat it before supply to the furnace using hot waste gases fcom the fionace 
(with consequent saving of energy) it is found to set solid 

It is an object of the invention to provide a method of producing moist glass batch 
which can be stored below 40*C, especially below 35°C, without unacceptable hardenmg 
or setting and without the need for re&igeration of the water, or cooling of the solid batch 
ingredients before or during mixing. 

It is a further object of the invention to provide a moist free flowing ^ass batch 
that can be preheated before being fed to a glass-melting fimace without unacceptable 
hardening or seilting of tiie batch. 

The present inventor has found that both these requirements may be met by 
incorporating a surfectant in the mix, convaiiently by adding it to watsr used to moisten 
the batch. Although the prior art (including Ihe prior art dted above) contemplates tha 
inclusion of a wetting agent or surfiactant in the moist batch to enhance wetdng of the 
batch, there is no suggestion in the art that use of a surfactant would enable either of ttie 
problems discussed to be overcome. 

According to a first aspect of the invention^ theare is provided a process for 
pnqsaring and storing moist glass-making batch which comprises incorporating a 
sairfactant in moist batch x\4ereby, on storage of the batch at a temjperature below 3S^C, 
the batch remains free flowing without setting. « 

According to a second aspect of the invention, there is provided a process for 
preparing moist glass-making batch which conipiises incorporatuog a surfectant in the 



nwMst batch whereby, on preheating ^ batch at or above lOCC before supply to a glass 
meltiag furnace, ihe batch r^nains free flowing \vithout setting. 

The esqpresrion 'moisf batch is uged to denote batch containing 1 to 20% by batch 
weight of free water, 'fee water' vratei which Is driven off when the batch is heated 
under atmospheric pressure at a temperature of at least llO^'C, but no greater than 600''C 
(at which thenttal decompositioii of other con^nents of the batch may occur). It is 
preferred to use batches containing at least 2% ftee water in order to optimise fee melting 
process, while it is generally preferred to avoid the use of more than 10% fi©e water 
because, the more water is present^ the more heat is required to drive' off the water during 
melting. Furthermore, above 10% free water, batch handling becomes difficult and the 
water begins to drain from the batch. For optimising melting performance consistent wift 

economic use of heat, the glass batch used will normally contain at least 3%, and no more 

than 7%, free water. 

The sutlactant to be incorporated into the moist batch may be chosen from any 
one of the following four classes of surfectant anionic, cationic, non-ionic and 
zwitterionic. Preferably the sutfectant is anionic; examples ftom this class of snifiictant 
tend to have fhe most pronounced effect upon inhibition of batch haidening, and are thus 
most effective at achieving a moist batch that lemains free flowing without setting. It is 
further preferable that the anionic surfactants used are soluble soaps. The soluble soaps 
used are preferably carboxylates having a caibon chain length of between C4 and C22 
inclusive, and ferther preferably having a Group I, n or HI counter-ion, especially an 
alkali metal counter-iou. 

The surfectant is preferably incotporated into fhe batch in Hqmd form; the amount 
of Hquid typically bemg 4% of the batch weight The amount of surfectant added to 1h© 
batch, as a percentage of the batch weighJi is preferably at least 0.0001% so that a 
discernible effect may be observed as compared to when water alcAie is used to wet fhe 
batch, but no greater than 5% because above this value, the advantage confetred by the 
surfactant does not mcteosB significantly. Furthermore, at a petceiirtage by batch weight 
of greater Aan 5% any cost advaniage of usmg a surfactant in the pibcesses of the present 
invention beghis to disappear when compared to ihe cost of, for eacample. mamtaining fhe 
temperature of the batch above 35-^0. When the percentage by batch wei^ of the 
surfectant added to the batch is at least 0.01% and no greater than i%, especially 0.02% 
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to 0.5%, a significant degree of inlubitioiL of the hardeniag process is observed over a 
rang© of suifstctants jtom ihe digbrent cksses. It is most preferable, however, that the 
surfactant be added at 0,05% of die batch weight because the benefit of its use is 
maximised with respect to the cost of using it in the processes of the fjresent invention. 

The batch materials of the present invention may be mixed and melted in 
appropriate ratios such that float glass having Ihe following typical composition 
(percentages by wci^it) may be produced: 72% SiOz, 1% AI2O3, 0.1% Fe203, 13.5% 
NaaO, 0.6% K2O, 8.5% CaO, 4% MgO and 0J2% SO3, The batch ingredieats may be 
moced at the ambient temperature of their surromding environment with a snrfactant and 
water without rcfrigeafotton or even cooling before or during mixing. Indeed, steam may 
be used to moisten the batch ingredients instead of cooler water, in which case the 
temperature at which the batch ingredients Is mixed will be in the region of between 50°C 
and 1 00*^0, depending on factors such as the initial temperature of the batch- Mixing the 
batch with steam iostead of water is advantageous if the batch is to be fiother pre-heated. 
Once inixed, the batch may either be fed directly into a glass makmg furnace, it may be 
1ranj5pO[rted to a glass-moking furnace if mixing took place el^ewhere^ or it may be put 
into storage until it is needed- Mixed batc^ diat has been wetted with sur&ctant and wat^ 
according to the pre$^t invention can be stored at temoperatures of below 3S^C for days, 
weeks or even months without any significant degree of heordcning being observed. 

As has been mentioned eariierp the suiprising efibct that a sur&ctant has when 
incorporated into a glass batch is additionally important when applied to batch pre- 
heating systems* wh^:^ finsaces recycle ihe exhaust gases that result from fUel 
combustion whfain the fiimace to pre-heat the batch materials before they enter ifae 
furnace, l&diaust gases may have tempexotures in the re^on of 1400^0 xxpon immediate 
exit of the furnace; thus recycling this heat is a cost-cfTectiYe measure. Batch is typically 
pre-heated to tCTiperatures of at least 150*C (preferably 300°C) over a period of at least 
12 hours (preferably 24 hours). A batch pre-heater such as is claimed by The BOC Group 
pic in European Patent ^plication number BP 1 123$03 A2 would be &6 current pre- 
heater of choice because it additionally utilises electrostatic fdrces to remove fine 
particulate matter from the exhaust gases, thus achieving poUution emission reduction. 
At the time prior to the present iirvention however, it was not possijble for moist batch to 
be successfixlly hi^oduced into such a pr&-heater system because such wet batch that has 
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been wetted without a surfectant exhibits hardening whfin it is exposed to hij^er 
temperahnres, espedally lOO^'G and above. 

A WBt glass batch that result? from the present inyeatiwi is widely ^licable 
throughout all areas of flie glass making industry. A wet glass batch that remains fiee 
floTVing without setting when subjected to tMiperatures eilher below 35**C or above 
lOO^C has utility in the fiat glass industry, especially hi' producitig float and rolled 
gjasses. in the container glass industry, especially bottles but also tubes including 
cathode ray tubes), and also in glass fibre production. 

For a better imdrastanding, the present ubvention will now be more particulariy 
described by refei^ce to the following non-lhniting examples. 

Example 1 

The first experimeait to assess ihe performance of die soap sohrdon for use in a 
method of the invention was based on the following test A 150 g sample of dry glass 
batch was made up as follows: sand - .91.9 g; soda ash - 27.8 k dolomite - 22.8 g; 
limestone - 6,4 g saltcate - 1.09 g. This swaxple was thaa thoroughly mixed for 20 
minutes at typical room temperature (around 20^C). 6 ml of wa«)er was added to the 
thoroughly mix^d dry batchy and the jiesultant wet batch was then again thoroughly mixed 
whilst remaining at typicsil room temperature conditions. The wet batch was moulded 
into a cone ha'\dng a height of 8 cm and a base diameter of 5 cm. Uxo wet batch cone 
(having a tempsr^mre of less than 35°C) was tiien left to .stand for one hour at typical 
room temperature. After this period had elapsed, an indeator ptobe (of 4 mm diameter) 
was placed centrally on top of the batch cone, siiccessive weights were added and the 
maximmn weight that the batch cone could support was determined. Ihe procedure was 
repeated using, in place of the water^ dilute aqueous solutions of soap derived from palm 
Jceanel acid- When only water is v$ed, the batch cone can sustain over 250 g on the probe. 
When soap solution h used, die batch cones lose their integrity after 5 minutes making 
the indentor probe test impossible to perform, but clearly showing the effectiveness of the 
surfectant in roidering the batch free flowing. 

Example 2 

The perfomiance of the soap solution in maintaining the moist batch free flowing 
whan it is predicated prior to supply to a glass melting fiimace was experimentally 
assessed by testing samples of a number of the soap species contained therein as the 



surfaotant of choice. To detennine the cfectiveiiess of solutions of these so«p species 
upon fhe degree of hardening exhibited by an initially wet batch sample after hcsliDS, a 
procedure as desoribed above was followed to produce moulded cones of moist batch, 
which were traBisferred to a hot plate at 30O'C and left for 30 roinutes. When the 30 
minutes liad el^sed, the batch cones were subjected to the same indentor probe test as 
above. In this way, the perfgmiance and effect of each soap species upon inhibiticMi of 
batch haxdetiing coidd be observed. 

To make the various soap solutiOTt$ for each of the chosen soap species, an initial 
"mother soap solution" was prepared. The mother solution was diluted until its effect on 
the cone strengOi was indistinguishable from pure water. Each volume of diluted soap 
solution in turn was used as the solution from which the 6 ml of liquid in the tests 
described above was taken. For each species of 5oap solution the maximum weight that 
the batch cone could support after being wetted and subsequently heated as described in 
the test above was recorded; the results are shown in Figure 1 which is a plot of batch 
cone strengtii as a ftmction of soap solution strength. 

All -flie soaps tested were readily soluble in water, with the exception of potassium 
stearate. Each of the potassium soaps tested can be seen to reduce the batch cone 
strength. When onJy water is used, the batch cone can sustain over I kg on "ttie probe. 
This is reduced to aromu] 5 g when the so^ solutions are used. 
Example 3 

The test piocedore in this Example was similar to that described in Example 2, 
except that, to promote heat transfer from the hot plate to Ihe batch sample^ the batch 
sample was formed into a circular slab, 2 cm high and 6 cm diameter. The str(5ngth of the 
batch slabs was once again measured hy placing an indentor prohd (of 4 ram diameter) 
centrally on top of the batch slab and then adding successive weights. The batch used to 
form the slabs in this experiment was made up as foUows: sand - 91.9 g; soda ash - 28.6 
S dolomite -.22.8 g; limestone - 5,6 s gypsum - 1.04 g. A number of additional soap 
species to the soap species used in Example 2 were synthesised |(i.e. having a carbon 
content from C4 to C22) for testing. Again, the performance and effect of each soap upon 
inhibition of batch hatdening could be observed. The results of the tests on the strength 
of ba:teh slabs as a function of tiie strength of soap sohitton are shown in Figure 2, 
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The original commetcial sozp used yr^ based on potassium hydroxide, a$ w»e all 
* the soap spedes in flie tests aboYo. Changing Ike cmxboxylate coimteSr ion to sodium was 
also found to have the desired effbct of preventing the batch from hardening^ Botii 
sodium and potassium soaps are examples of anionic surfactants. Other anionic 
suifactants were also tested, including sodium dodecyl sulpliate and sodium 
dooylbenzeiisalfonate, and showed beneficial e^cts in rendering the batch free flowing 
on storage and/or pie-heating. 

Example 4 

Samples of three other classes of surfactant (catiomc, non-ionic and zwitterionic) 
were further tested as the surfactant of choice. Dodec>dtrimethylammonium chloride is a 
typical catLcmic sur&otant and was assessed using both strength tests described above. 
There is a wide range Of non-ionio sxirfectants based on ethyleae oxide-jiropylene oxide 
block copolymers, A sample of Synperionic PE-68 was tested for its eflfeotiveness on 
inhibition of the batch hardening process. Zwitterionic detergents are relatively rare, 3- 
(dodecyldimethylammonto)propanesulfQnate inner salt was obtained and also assessed in 
the strength tests. Figure 3 presents fhe results of tbe tests completed wilh these examples 
of other classes of surfactants; the batch slabs were made and tested according to die 
procedure given in Example 3 , 

In general, while the anionic surfactants perform better than the other classes of 
surfectant, a significant reduction in batch strengfli is found when examples of the other 
classes of sut&otant are xised. 
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Claims: 

1. A process for preparing and storing moist glass-making hnixh wiucli comprises 
hicoq^oniimg a sot&ctant in moifit batch wh^by> on stotage of the batch at a 
temperature below SS'^C, the batch remains fte(^ flowing without setting. 

2. A process for porepaiing moist glass-makhig batch which comprises inca^ioiating a 
surfactant in the moist batch whereby, on preheating the batch' at or above JOO^C 
before supply to a glass melting furnace^ the batch remains free flowing wittiout 
setting. 

3. A pTX)cess as claimed in claim 2 wheri^ the batch is pre-hea£ed to a temperature of at 
least 150**C befiare supply to the glass mefting fiimace. 

4. A process as claimed in any preceding claim wherein the moist batch include 
between 2% and 10% fiee water. 

♦ 

5. A process as daimed in any preceding claim wherein the moist b^h includes a 
wat^-solnble compon^t. 

I 

6. A process as claimed in claim S wherein the watsr-sohible component is soda ash, 

7. A process as claimed in any preceding claim whestem the smfactant is chosen from a 
group including anionic^ cadonic, TOn-ionic andzwitterionic surfactants. 

8. A pirocess as claimed in claim 7 wherein the surfactant is anionic. 

9. A process ai$ claimed in claim 8 wherein the anionic surfactant iisi a soluble so^. 

10. A process as clamed m claim 9 wherein the sohibie soap is a*carbox;^ate having a 
caifoon chain length of between C4 and C22 inclusive. 
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11. A piooesB as claimed m daim 9 or claim 10 wherein the soluble soap includes a 
Qtaap I, n or in oounterdon, 

12. A process as claimed in any preceding claim wherein the Bwfectont h inooiporated 
into the batch m an amount ftom 0.0001% to 5% of the wdgbt of fixe bateh. 

13. A process as claimed in any preceding claim wha^in flie surfectant is incorporated 
mto file batch as the batch mgredients are mbced. 

14. A process as claimed in claim I wherein the moist batch is stored ^for at least 24 hours. 

15. A pcocesB for prq)aiing moist gjass-malcmg bafdi sabstantially as heranbefoce 
desodbed wi& reE^ience to the exaniples given. 
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